BACKGROUND
For stationkeeping of floating wind turbines proper mooring systems are required to keep the translational and rotational movements of the platform within an adequate range. Due to economic reasons it is necessary to minimize mooring system costs, while not exceeding mooring line breaking strength and platform drift constraints. As an example application, a symmetric semi-submersible design with three columns is analyzed.
MOORING SYSTEM OPTIMIZATION
Design constraints: 1. The mooring system has to be dimensioned to with stand ultimate load conditions. 2. The loading at the drag embedded anchors should be solely horizontal. 3. The translational and rotational excursions of the floater have to be within specified limits.
Primary design parameters:
1. Horizontal distance from fairlead to anchor 2. Length of mooring lines 3. Size of the chain 4. Angle of mooring lines (with respect to a global coordinate system)
Spectral analysis:
The spectral analysis includes the most important first order effects, i.e., environmental loads from wind, current, wind sea and ocean swell. The equilibrium position of the floater due to mean wind and current loads is solved as a multidimensional root-finding problem, using a simplex direct search method. Nonlinearity in the force-displacement characteristic in the catenary equation requires linaerization of the mooring stiffness matrix at the equilibrium position. The spectral loads from aerodynamic and hydrodynamic contributions are superimposed and the system response is computed over the significant frequency range.
For each degree of freedom the spectra of displacements can be computed and subsequently the autospectra of mooring line tension at the fairlead can be derived.
Damping:
Hydrodynamic damping is composed of a potential and a viscous part. Aerodynamic damping, sea-floor friction, mooring line damping and wave-drift damping are neglected.
INITIAL LINE CONFIGURATION ENVIRONMENTAL LOADS AND SITE CONDITIONS RESULTS AND DISCUSSION

Coordintate system definition:
The X-axis in the global coordinate system is directed towards north compass direction, the X-Y plane coincides with the free water surface and the Z-axis points upwards. The motion of the floater is described relative to the global fixed coordinate system, with a positive rotation counterclockwise.
A propagation direction of zero degree denotes that the environmental loading arrives from compass North direction.
Initial mooring line configuration:
The angles are 10, 130 and 250 degrees with respect to the global coordinate system. An initial total line length of 1000 m was chosen.
Two different load conditions were analyzed for the Greater Ekofisk area in the North Sea (75 m water depth), an extreme event and an operational case. The extreme load case describes a turbine shut down in a survival 50-year storm condition with a 100-year severe wave loading and 10-year current. In the operating state the maximum thrust on the rotor is applied when the mean wind speed is close to the rated wind speed.
Directional spreading:
The most severe loading from each direction has to be considered in the optimization of asymmetrical mooring systems. Site data indicates that environmental loads are biased from certain directions and are unlikely to come from other directions.
CONCLUSION o
The total line length is 85% of the initial symmetrical design --> the tool minimizes the line length of a floating wind turbine mooring system under site specific environmental loading, resulting in the optimal angle, line length and horizontal distance between anchor, and fairlead.
o Spectral wind loads should be considered in the mooring system design. The low-frequency contributions from wind lead to excitations in platform pitch and hence in higher mooring line peak tensions.
o Time domain simulations are needed to verify and further optimize the obtained mooring design. The work presented here emphasizes cost minimization of catenary mooring systems for wind turbines of the semi-submersible type.
A frequency domain analysis is performed, where environmental loads due to wind, waves and current are considered separately. The tool determines the optimum mooring line orientations and lengths, constrained by ultimate load conditions, limits on platform movement and seabed conditions. The spectral wind loads have a contribution of up to 29.7% of all spectral loads. The wind spectrum contains a lot of energy at low frequencies, which can contribute to low-frequency resonant oscillations of moored floating structures. 
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